Purpose To investigate the effect of preoperative steroid on anatomical and functional outcomes of vitrectomy in patients with rhegmatogenous retinal detachment with associated choroidal detachment (RRD-CD), a rare but particular type of RRD. Patients and methods This retrospective cohort study included RRD-CD patients at Siriraj Hospital during January 2005 to December 2014. Patients with preexisting uveitis or RRD with giant retinal tears were excluded. Preoperative, intraoperative, and postoperative data were reviewed and analyzed. Results A total of 76 patients (76 eyes) with RRD-CD were included: 37 patients without preoperative steroid (Group A) and 39 patients with preoperative steroid for a median of 7 days (Group B: 34 patients with oral prednisolone (0.5-1 mg/kg/day) and 5 patients with 20 or 40 mg of subtenon triamcinolone). The total retinal reattachment rate at 3 months after one operation was not different between the two groups (59 vs 51%) with adjustment for confounders. The proportion of patients with visual acuity (VA) improvement at 3 months was also not different (57 vs 54%). Survival analysis revealed that 96% of redetachment cases occurred within the first 3 months and redetachment rate was not different between the two groups for up to 3 years. However, Group B showed a significant regression (partial or complete) of CD prior to operation compared to Group A (82 vs 30%, Po0.001). Conclusion Preoperative steroid significantly improved CD before vitrectomy, but seemed not to improve the single-operation retinal reattachment rate or VA at 3 months when compared to no steroid treatment in RRD-CD patients.
Introduction
Rhegmatogenous retinal detachment with associated choroidal detachment (RRD-CD) is found in 2.0-8.6% of RRD patients. [1] [2] [3] RRD-CD is usually accompanied by breakdown of blood ocular barrier, release of inflammatory mediators, migration of retinal pigment epithelium and development of proliferative vitreoretinopathy (PVR). [4] [5] [6] Despite its rarity, RRD-CD increases the complexity of surgical procedures and is considered to be an important preoperative risk factor for failure of retinal detachment repair due to PVR. 7 Steroid may reduce CD by reducing permeability of choroidal blood vessels and transudation of intravascular fluid to the suprachoroidal space, 8 facilitating the surgical procedures. Steroid can also stabilize blood ocular barrier, 9 inhibit inflammatory reaction and cellular proliferation, and may suppress the formation of PVR. 10, 11 A pilot study found a nonsignificant trend of improvement in retinal reattachment rate in RRD-CD treated with perioperative oral steroid compared to no steroid treatment. 12 Others have suggested the use of periocular steroid in this condition. 13, 14 However, data regarding the effectiveness of perioperative steroid in RRD-CD are scarce.
Accordingly, the aim of this study was to investigate the effect of preoperative steroid on anatomical and functional outcomes of surgery in patients with RRD-CD.
Materials and methods
This retrospective cohort study was conducted in RRD-CD patients that were diagnosed and underwent vitrectomy at the Department of Ophthalmology, Siriraj Hospital, Mahidol University during the January 2005 to December 2014 study period. The protocol for this study was approved by the Siriraj Institutional Review Board, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand. This study complied with all of the principles set forth in the Declaration of Helsinki (1964) and all of its subsequent provisions.
Medical charts of all patients diagnosed with RRD-CD were reviewed. Patients with either preexisting uveitis or RRD with giant retinal tears were excluded. Patients were divided into two groups (Group A and Group B). Patients without preoperative steroid treatment were assigned to Group A and patients who received preoperative steroid (oral prednisolone or subtenon injection of triamcinolone) were assigned to Group B.
Patient history collected included age, gender, underlying systemic diseases, other ocular diseases, prior intraocular surgery and duration of RRD-CD before surgery. Ocular examination including Snellen visual acuity (VA), intraocular pressure (IOP), lens status (phakic, pseudophakic, or aphakic), number and location of retinal breaks, presence of macular hole, extension of RRD, extension and severity of CD, and grade of PVR was recorded. CD was classified as severe if it reached up to the equator, mild if it was peripheral and shallow, and moderate if it was between mild and severe. 15 Dosage, route, and duration of preoperative steroid were also recorded. In our clinical practice, ocular B-scan ultrasonography was routinely performed in RRD patients with suspected CD seen by clinical examination and/or RRD patients with hypotony at the outpatient department. The patients were then scheduled for surgery and were routinely admitted to the hospital at least one day before the surgery. Ocular ultrasonography was performed during admission to reevaluate the presence of CD prior to surgery. Retinal mapping including the extent of CD obtained by ocular ultrasonography was drawn in every patient and the data were collected from the retinal mapping. Details of surgical procedures including pars plana vitrectomy (PPV) and gauge size of PPV, adjunctive scleral buckling, laser retinopexy, retinal cryopexy, types of vitreous substitutes, and intraoperative complications were collected. Postoperative data including VA, IOP, attachment status of the retina, postoperative complications, and follow-up time until the last visit or until retinal redetachment after the first operation were recorded.
The primary outcome was the proportion of patients with total retinal reattachment at 3 months after the first operation. Secondary outcomes included: (1) the proportion of patients with VA improvement at 3 months, (2) the proportion of patients with improvement of CD prior to surgery and (3) time to retinal redetachment after the first operation until the last follow-up visit.
Statistical analysis
The sample size was calculated using the formula for two independent proportions. Single-operation retinal reattachment rate after primary vitrectomy for RRD-CD without preoperative steroid treatment was 66.7% in a pilot randomized controlled trial study with a mean follow-up time 20 months and this proportion was used for the sample size calculation. 12 We hypothesized that the reattachment rate would be 90% if preoperative steroid was given. Based on this assumption, with Type I error = 5% (two-sided) and Type II error = 20%, a sample size of 45 patients per group was calculated.
Continuous data were presented as mean ± standard deviation (SD) or median (interquartile range (IQR)), and differences between Group A and Group B analyzed using independent t-test or Mann-Whitney U test, as appropriate. Snellen VA was converted to logarithm of minimal angle of resolution (logMAR) for analysis. VA at baseline and at 3 months were compared using Wilcoxon signed ranks test. Categorical data were presented as individual counts and proportions, and comparisons between groups were performed using chi-square test. Multiple logistic regression was used to control for potential confounding factors for the primary outcome. Time to retinal redetachment was subjected to KaplanMeier survival analysis and log-rank test. Statistical analysis was performed using PASW Statistics for Windows, Version 18.0 (SPSS, Inc., Chicago, IL, USA). Two-sided P-value of 0.05 was set as a threshold of significance.
Results
A total of 76 patients (76 eyes) with RRD-CD were included in this study. The mean ± SD age of patients was 58.3 ± 14.4 years, and 59 (78%) were male. Group A comprised 37 patients without preoperative steroid treatment. Group B consisted of 39 patients with preoperative steroid treatment for a median of 7 days preoperatively (IQR 5-7 days). Oral prednisolone was given in 34 patients (0.5 mg/kg/day in 23/34 (68%) and 1 mg/kg/day in 11/34 (32%) patients) and subtenon triamcinolone was given in five patients (20 mg in two patients and 40 mg in three patients) in Group B. The steroids were discontinued immediately after the operation. Baseline demographic data of the two groups were presented in Table 1 . Most of the variables were well balanced between the two groups except for the severity of CD and IOP, for which Group B demonstrated more severe CD and lower IOP than Group A.
After the first operation, the proportion of RRD-CD patients with total retinal reattachment at 3 months postoperatively was not statistically different between the two groups (59 vs 51% in Group A and Group B, respectively). Among 15 patients with retinal redetachment before 3 months in Group A, only four patients underwent the second operation and the retina became reattached in all four cases. For Group B, 8 out of 19 patients with retinal redetachment underwent the second operation and 7 of them became reattached. After the second operation, the reattachment rate increased to 70% in Group A and 69% in Group B (Table 2) .
Among 36 eyes with silicone oil (SO) tamponade in the first operation (Table 3) , SO removal was done in 23 eyes. Prior to SO removal, retina was reattached in 19 eyes and the median time of SO tamponade was 5 months (interquartile range 3.25-7.25 months). The retina remained attached after SO removal in these eyes. The other four eyes underwent SO removal during reoperation for retinal redetachment. SO was not removed in 13 eyes due to loss to follow-up (five eyes) and retinal redetachment under SO with poor visual prognosis that the patients refused to undergo further surgeries (eight eyes).
The baseline severity of CD was significantly more severe in Group B (Table 1 ) and the proportion of gauge size of PPV was different between the two groups (Table 3 ). Multiple logistic regression was then performed to adjust for these potential confounding factors for the retinal reattachment rate. The difference between the two groups remained nonsignificant (odd ratio 0.57, 95% 
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A Denwattana et al confidence interval 0.21-1.54). IOP was lower in Group B but we did not adjust for this as it was related to the severity of CD, which had already been adjusted. The proportion of patients with VA improvement at 3 months postoperatively was also not statistically different between the two groups (57 vs 54% in Group A and Group B, respectively). However, the VA improved significantly from baseline in both groups (Group A: from 2.54 to 2.01 logMAR, P = 0.04; Group B: from 2.53 to 1.97 logMAR, P = 0.03).
To assess the effect of preoperative steroid on CD, the improvement of CD was investigated just prior to the operation. The median CD follow-up time in Group A was 8 days (IQR 3.75-13 days) and that in Group B was 7 days (IQR 5-7 days). It was found that Group B showed highly significant improvement (partial or complete) of CD compared to Group A (30 vs 82%, Po0.001, Table 2 ). Most of the patients in Group B (34/39, 87%) received oral prednisolone; however, five patients who received subtenon triamcinolone also demonstrated regression of CD (four partially and one completely).
A survival analysis was performed to compare the survival time of retinal attachment after a single surgery in each group (Figure 1) . It was found that retinal redetachment occurred mostly in the first 3 months after the surgery and, after 6 months, the reattachment rate remained constant in both groups for up to 3 years. This pattern was not different between the two groups (P = 0.668, log-rank test).
Discussion
This study found that preoperative steroid did not improve retinal reattachment rate or VA at 3 months after a single surgery in patients with RRD-CD. However, preoperative steroid significantly improved the severity of CD before surgery (Po0.001) compared to no steroid treatment.
The presence of CD can complicate PPV procedures such as slipping of an infusion cannula into the suprachoroidal space or inadequate vitreous substitute tamponade at the closure of the surgery. Significant improvement of CD in this study with preoperative steroid supported its use. However, better anatomical or functional surgical outcomes were not evident in this study. This may partly be explained by other intraoperative factors such as surgical procedures employed and surgeons' skill. However, in this study, the operations were performed by experienced retinal specialists in the setting of a national tertiary referral center. Surgical procedures such as adjunctive scleral buckling and choices vitreous substitutes were also not different between Group A and Group B. Nonetheless, the employment of 20-gauge PPV was more frequent in Group A. Larger sclerotomy in 20-gauge PPV, as opposed to 23-or 25-gauge, could facilitate drainage of suprachoroidal fluid around the sclerotomy and subsequent improvement of CD intraoperatively. We have adjusted for this confounding factor as well as the baseline severity of CD using multiple logistic regression analysis but the difference in the retinal reattachment rate between the two groups remained nonsignificant. CD is regarded as an unfavorable preoperative factor for RRD repair due to high incidence of postoperative PVR. [4] [5] [6] [7] Steroid has been shown to suppress the formation of PVR and subsequent retinal redetachment, 10, 11 while some studies failed to show its benefit in preventing PVR formation. 2, 16, 17 Nevertheless, perioperative steroid has been widely used for preparation of surgery for RRD-CD patients. 2, [12] [13] [14] [15] 18, 19 A short course of perioperative steroid may not be adequate in this regard as PVR formation is a continuing process after the surgery. 20 This may explain the findings in our study that preoperative steroid given about a week before surgery (PPV), in spite of regression of CD, appeared not to improve retinal reattachment rate, which is in agreement with a previous study before the era of PPV. 2 Our survival analysis demonstrated that retinal redetachment mostly occurred within 3 months after surgery and this may be a critical period for interventions to suppress postoperative PVR in RRD-CD patients.
Data regarding the effectiveness of steroid in RRD-CD patients are scarce, probably due to the fact that this is a relatively uncommon condition. Sharma et al 12 conducted a pilot study in 21 eyes with RRD-CD and found that the retinal reattachment rate after PPV was higher in the perioperative steroid group compared to the control group (81.8 vs 66.7%), although the result was not statistically significant. In the present study, the reattachment rate was lower for both the treatment (51%) and control (59%) groups as compared to their study. This could be explained by the differences in the study population and the dosage and duration of steroid treatment. In the aforementioned study, they excluded patient with PVR grade C (compared to PVR grade C in 29% of patients in our study) and the steroid were given at 1 mg/kg/day with tapering in 6 weeks after operation (compared to 0.5-1 mg/kg/day for a median of 7 days before operation in our study). Furthermore, encircling was done in 80% of eyes in their study as compared to only 25% in our study. Other studies have investigated the effectiveness of perioperative systemic steroid vs periocular steroid in RRD-CD patients but without any comparisons to the control (no steroid) group. 13, 14 Further studies are required to confirm the role and to define the optimal duration and dosage of steroid administration to suppress the formation of postoperative PVR and subsequent retinal redetachment in RRD-CD patients. This is a retrospective study and has its own limitations. The dosage, route, and duration of preoperative steroid were non-homogeneous and the surgical procedures were at surgeon discretions. Although ocular ultrasonography was performed, we could not quantitatively measure the CD as the raw data of the ultrasonography were not available. Our grading of CD based on retinal mapping was not optimal but we believed that it could demonstrate changes of CD after preoperative steroid administration. The sample size was relatively small, although we included patients from a large referral center in a 10-year study period. To avoid missing data due to loss of follow-up, the primary outcome was measured at 3 months after surgery, which was a rather short period of time. However, survival analysis was performed and revealed that almost none of retinal redetachment occurred afterwards.
Preoperative steroid (oral or subtenon injection) significantly improved CD before surgery, but it seemed not to improve the retinal reattachment rate or VA at 3 months after a single operation when compared to no steroid treatment in RRD-CD patients. It may be used to promote preoperative resolution of CD to reduce the complexity of vitrectomy surgery and potential complications related to CD. However, multicenter prospective studies are required to confirm the role and to investigate the dosage, route, and duration of steroid treatment to suppress postoperative PVR formation and improve retinal reattachment rate in RRD-CD patients.
Summary
What was known before K Rhegmatogenous retinal detachment with associated choroidal detachment (RRD-CD) is an uncommon condition but considered as an important risk factor for retinal redetachment after surgical repair.
K Perioperative steroid may improve retinal reattachment rate in RRD-CD but data regarding this are controversial and scarce.
What this study adds K Preoperative steroid (0.5-1 mg/kg/day or 20-40 mg subtenon injection) given for about a week prior to vitrectomy seemed not to improve the retinal reattachment rate in RRD-CD, although it significantly led to regression of CD preoperatively.
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